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UCSF CaBIG: The BIG picture

In: Data, Annotations, Queries
Out: Analyses, Plots, Clustering, Data export

Magellan

|

QPACA

In: Pathway data, queries
Out: Visualization, Analysis, Pathway export

Magellan will be the primary system for handling
data and interoperability with other CaBIG tools.

QPACA will interact with Magellan and will
independently interact with pathway-oriented data
sources.



Magellan handles experimental + annotation data
and provides analytical and visualization methods
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QPACA handles pathway-related questions

to support cancer research

Visualization of pathways
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CaBIG: QPACA, Barbara Novak

- Transcriptional activation of p21, MDM2, BAX, FAS, MSH2,
HGFR (MET), CKM, and PIG3 (circled above, if present).



We represent pathway structure explicitly
using a simple language

Informal representations of biochemical
pathways must be formalized

Mappings from experimental data
space to pathway space are required

Direct questions involving pathway
arms and gene product sets are then
easily asked

Structured pathway
language
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Pathway language Is
simple, intuitive, and extensible

pathway name = "RTK Pathway" #ipathway sections

pathway elements { pathway {

}

cdk4[locusid=1019; type=gene_ product]
ccndl [locusid=595; type=gene_ product]
rbl[locusid=5925; type=gene_product]
cdk2[locusid=1017; type=gene_ product]
akt2[locusid=208; type=gene_ product]
aktl[locusid=207; type=gene_product]
ccnel[locusid=898; type=gene product]
ccna2[locusid=890; type=gene product]
gsk3b[locusid=2932; type=gene_ product]
cdknlb[locusid=1027; type=gene_product]
cdk6[locusid=1021; type=gene_ product]
ccnd2[locusid=894; type=gene_ product]
cdknla[locusid=1026; type=gene_product]
s-phase [ type=process]
pip3[type=molecule]

akt family[members=aktl,akt2;type=alt]

cdk4 compound [members=cdk4,ccndl; type=c
ompound]

cdk6_compound [members=cdk6,ccnd2; type=c
ompound]

elkl -> mdm2

elkl -> cdkn2a

elkl -> cdknla

elkl -> cdk4_ compound
elkl -> cdk6_compound
cdk6_compound -| rbl
cdk4 compound -| rbl
rbl -| e2f family

e2f family -> pldarf
e2f family -> ccne_family
ccne_family -> cdk2
pld4arf -| mdm2

mdm2 -| tp53

tp53 -> cdknla

pip3 -> akt_ family

akt family -| gsk3b
gsk3b -| cdk4_compound
gsk3b -| cdk6_compound
cdk2 -> s-phase

CaBIG Goal: Seamless import/export of pathway representations



UCSF CaBIG: The BIG picture

In: Data, Annotations, Queries
Out: Analyses, Plots, Clustering, Data export

In: Pathway data, queries
Out: Visualization, Analysis, Pathway export

'

CaBIG Goal: Seamless integration with Magellan



We can make use of phenotypes (e.g. ERBB2

status) and compute statistics about expression
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The individual nodes can be linked to

external annotations
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We can compute and visualize
gene/gene correlations

Correlations ERBB2 Correlations EPHA2

The correlations of genes to ERBB2 (left) and EPHA2 (right) are opposite in polarity in many
cases. There appears to be a significant switch around EPHA2/ERBB2/ERBB3. Data and
biological observations: J. Yeh, L. Timmerman, R. Neve, J. Gray, F. McCormick, J. Gray.




QPACA: Gene set recognition

Input Theoretical issue
¢ A set of genes hypothesized to ¢ Itis unlikely that all of the
be part of a pathway experimental samples that are

part of the data set are relevant

¢ Experimental data (e.qg.
X (€9 to the study of a particular

expression, CGH, proteomic

data) with the property that pathway
coordination in variation may be ¢ So, we have developed scoring
related to “pathway-ness” functions and optimization

procedures to select the

. samples that are most relevant
¢ The hypothesis may come from

any source Output

¢ Likelihood that the gene set is
part of a pathway or coordinated
process

CaBIG Goal: Provide tool to decide “Are these genes in a pathway?”



Organism [Pathway ID Pathway Name Number of genes QPACA p-value QPACA Score
hsa04010 MAPK signaling 41 0.01 0.1
hsa04110 Cell cycle 30 0.01 0.13
hsa04510 Integrin-mediated cell adhesion 25 0.01 0.16
Human hsa00010 Glycolysis / Gluconeogenesis 24 <0.01 0.25
hsa04210 Apoptosis 19 0.05 0.18
NCI60 Data |,s100052  |Galactose metabolism 13 <0.01 0.38
hsa04070 Phosphatidylinositol signaling 13 0.2 0.2
hsa04620 Toll-like receptor sigaling 12 0.05 0.3
hsa04350 TGF-Beta signaling 11 0.05 0.35
sce04110 Cell cycle 100 << 0.01 0.24
sce00230 Purine metabolism 95 <0.01 0.24
Yeast sce04010 MAPK signaling 55 0.01 0.22
Hughes ([sce00562 Inositol phosphate metabolism 32 0.5 0.1
Data sce00052 Galactose metabolism 30 << 0.01 0.83
sce04020 Second messenger signaling 19 0.01 0.47
sce00100 Sterols biosynthesis 15 <0.01 0.68




QPACA: Edge prediction

Input

¢ A set of genes hypothesized to
be part of a pathway

¢ Experimental data (e.g.
expression, CGH, proteomic
data) with the property that
coordination in variation may be
related to “pathway-ness”

¢ The hypothesis may come from
any source

Theoretical issue

¢ Same as for gene set
recognition

¢ Note: this is a much harder
problem. We are not formally
promising success in this aim.

Output

¢ Proposed likely interconnections
between genes

CaBIG Goal maybe next year): Provide tool for connectivity.



MAPK signaling pathway
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http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YHR084W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YKL178C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YFL026W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YHR084W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YGR040W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YHR030C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YGR088W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YML004C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YOR212W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YJR086W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YLR229C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YHL007C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YLR362W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YDR103W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YDL159W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YBL016W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YJL157C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YKR095W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YPL089C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YMR043W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YBR083W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YER118C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YLR229C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YLR342W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YPR165W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YNL271C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YBL105C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YLR332W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YCL027W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=sce04110
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YHR005C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YBR200W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YAL041W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YNL053W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YMR043W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YGR040W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YJL095W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YGR032W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YLR362W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YIL147C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YDL235C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YDL159W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YLR006C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YNR031C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YJL128C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YLR113W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YER118C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YHL007C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YLR362W
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YHL007C
http://www.ncbi.nlm.nih.gov/LocusLink/LocRpt.cgi?l=YNL098C

MAPK signaling pathway
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MAPK signaling pathway
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QPACA: Conclusions

QPACA Where we are
¢ Interaction of experimental data ¢ Visualization (graphs and
with pathways coloring) is solid
¢ Tight integration with Magellan ¢ Representation and language

are flexible and relatively
intuitive (easy to modify for
interoperability)

¢ Interoperability with pathway
data exchange standards

QPACA functions ¢ Gene set recognition: multiple

¢ Pathway visualization pathways in multiple organisms
show solid results for known

Pathway definition
pathways vs. random genes

Statistical visualization -
¢ Pathway connectivity:
suggestive results

Pathway augmentation

¢

o

¢ Gene set recognition
¢ ¢ To be done: lots of stuff...
¢

Pathway connectivity
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